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and Orayevskiy, A.N.
Making a Sealed Maser Using

(0 vozmozhnosti

sozdaniya otpayannogo molekulyarnogo generatora s
ispol'zovaniyem molekul NDsx,

PERIODICAL:

NH,D i NHD2)

Izvestiya vysshikh uchebnykh zavedeniy, Radicofizika,

1958, Nr 4, pp 63-68 (USSR)

ABSTRACT:

The possibility is considered of preparing molecules

in active state in three energy levels (Fig 1) by

using auxiliary radiation.

(1).

levels are given in Eq

The energies of the three
The theory and design are

given of an oscillator using deuterated ammonia.
Under conditions of thermodynamic equilibrium, the

number of molecules
the number of molecules

N2 in level three is greater than
in Ng and N3 in levels two and

one, since in this case the number of molecules in a

Card 1/5

APPROVED FOR RELEASE: 06/06/2000

CIA-RDP86-00513R000203910013-2"



IIAP u
PR\{ED FOR RI?LEASE. 06/06/2000 CIA-RDP86-00513R000203910013-2

061490
sovV/14 1-58-4-6/26

The Possibilities of Making a Sealed Maser Using ND,. Nsz and
NHD2 Molecules

level is determined by the Boltzmann factor. An
auxiliary radiation whose frequency is given by

Eq (2) excites the molecules from level three into

level one creating a surplus of molecules in level one
compared with those in level two (see Fig la) or in
lJevel two compared with level three (see Fig 1b). These
respective transitions 1-2 and 2-3 are used to excite a
resonator whose frequency is given by Eq (3) for the
case in Fig la or Eq (4) for the case of Fig 1b. The
greatest number of active molecules is obtained under
conditions of saturation and the actual numbers are
given for the two cases by Bq (5). If the gas is
illuminated by monochromatic radiation the saturation
conditions must satisfy Eq (6). The minimum width of
the spectral line from the maser is given by the

Doppler width of the line in the basic transition. If
the gas pressure is too high the line increases in width
and if the pressure is too low then the number of
active molecules falls off. The optimum pressure is

AP :
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NHD2 Molecules

given by Eq (7). If a monochromatic auxiliary

radiation is used however, considerable line broadening
occurs; this may be avoided by using as auxiliary
radiation a group of frequencies whose spacing is of the
order of the basic Doppler width, in this case the
saturation condition is given by Eq (8). Line broadening
still occurs but it is now significantly less. The
energy stored in the resonator is given by Eq (9) and,
depending on the quality factor of the resonator, the
auxiliary power required is given by Eq (10). This
last amount is considerably less than that required whex
using monochromatic illumination. The best type of
resonator to use is a cylindrical one supporting a
mode Eggol. The conditions for self-excitation of a
maser depend neither on the type of oscillations
supported nor on the pressure and can be written as
Eq (11)., The rotliional transition for ND3 has a

Card 3/5 frequency of 3x10 c/s and higher. The frequency
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increases with the quantum number J, Power is very
difficult to obtain at these frequencies and in
practice low quantum numbers..are therefore to be
preferred, It is therefore proposed to use as the
low-frequency transition 1] - 21 and for the
fundamental transition 11 - 1. The leading
particulars of the oscillator are calculated to be as

follows: fundamental frequenc{i 1598 x 10 Mc/sj

auxiliary frequency, 6.2 x 10 c/s; Doppler width of
the line at fundamental frequency 2.2 X 103 ¢/n}
pDoppler width at the auxiliary frequency 8.5 x 109 c/s;
resonator quality mnecessary to maintain oscillations

3 x 103; auxiliary power 4 x 107 watts; number of
active molecules 6 x 1015 molecules per second;

power output 10-10 watts, It is reckoned that under
practical conditions the stabil&ty of oscillation would
be approximately one part in 10°. The fundamental
difficulty in making an ND3 maser is the difficulty of
obtaining sufficient power at a wavelength of 0.5 mm.
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The Possibilities of Making a Sealed Maser Using ND3, NHgD and

NHD2 Molecules

also the intensities of the lines. Table 2 gives the
parameters of masers using the lines given in Table 1. g2
There are 2 figures and 2 tables and 13 references,

7 of which are Soviet.

ASSOCIATION: Fizicheskiy institut imeni P.N.Lebedeva AN SSSR
(Physics Institute imeni P.N.Lebedev,AS USSR)

SUBMITTED: 10th November 1957
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Prokhorov, 83 well as in the

26-58-7-4/48

Molecular Generators and Amplifiers (Molekulyarnyyogenera-

Puring the paat 5 years, new methods of generation and am-
plifying electromagnetic waves have appeared that are based

These methods
jndependently in the Physical
the AS USSR - Moscow, by
Columbia
Fabrikant pointed out

ative absorption in the optical wave

In new devices the principal role

jn the generation prooess of electromagnetic oascillations
the energy that 1is connected with the inner

Thus,the go-called molecular

ers are subject to the application of
the laws of quantum mechanics and not to those of the clas-

_l--—‘."\ PO
AUTHORS: t%gggx;_ﬂ;g;_gnd Prokhorov, A.M.,
1 Sciences
TITLE:
tory 1 usilitell)
PERIODICAL: Priroda, 1958, NT 7, pp 24-32 (USSR)
ABSTRACT:
on the induced radiations of excited molecules.
were suggested and developed
Institute imeni pP.N. Lebedev of
N.G. Basov and A.M.
University in the USA. In 1940, V.A.
the possibility of neg
range in a gas discharge.
is played by
motion of atoms or molecules.
generators and amplifi
card 1/3 ajoal electrodynamics.

In many WOTKS devoted to the ampli-
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‘Molecular Generators and Amplifiers 26-58-7-4/48

fication and generation of centimeter waves, the phenomenon
of the paramagnetic resonance discovered by the Soviet scien-
tistYe.K. Zavoyskiy was used. Soviet research, similar to
relevant steps in other countries, is centered on the mole-
cular generator operating on an ammonia beam, which may serve
as the standard source of highly stable oscillatisns. This
has already become evident after only 2 to 3 years of rele-
vant research. For a small period of time & relative stabili-
ty of 10'12 has been obtained, but an absolute stability of
10~7 can be considered as a standard performance of a dole-h
cular generator., This makes it useful in the ¥ield of radio-
navigation, radar, and radiogeodesy, and in the production
of highly accurate. watches. The theory of a different speed
of time depending on the distance from the earth's surface
could be proved by comparing the operation of moleoular
generators located in artificial earth satellites and on the
eart! 's surface.The frequenocy difference (time speed) per
1 km of vertical distance from the¢ earth's surface would be
a fraquency of 10-13, Molecular ampliriers will be of use
in the solutiorn of merely scientific and also practical pro-
blems, such as a deeper penetration of the universe by means
Card 2/3 of observation, observation of the weak radiation of various

APPROVED FOR RELEASE: 06/06/2000 CIA-RDP86-00513R000203910013-2"
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atoms and free rédioala in the universe.

‘There are 11 diagrams, 1 figure, 1 photo and 3 Soviet re-
ferences.

ASSQOCIATION: Fizicheskiy institut imeni P.N. Lebedeva AN USSR - Moscow
(Physics Institute imeni P.N. Lebedev AS USSR - Moscow)

1. Electromagnetic waves--Propagation - 2. Electromagnetic waves
-~Intensity 3. Molecules--Excitation

Card 3/3
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BASOV, ¥.0.; SVIDBINSKIY, KX,

Designing a molecular osoillator b
!sv.vyl.uchob.uh! radiofis, 1 ;:g‘g;.;bn%;?lmm hooms

1, l'ilicholkiy insgtitut AN SSSR, (MIRA 1n:11)
(Microvaves)
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MSOV, Hooo; OBAmvsn!. A.B.

T

Posaibility of making a sealed-off molecular oscillator with

utilization of ED .apd NHD,.molecules, Igv.vys.ucheb,.zav,:
radiofiz. 1 no. ;6 ' 158, ' ("Imwmﬁ)

1. Fizicheskly institut imeni P,N.Lebedava AN S38R.
(Microwpves)
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©-.BASOV, N.0.;MJRIN, 1.D.; PETROV, A.P.; PROKHOROV, A.M.; SHTRANIKH, L.V,

Molecular clock. Igv,vys.ucheb,zav,; radiofiz. 1 no.3:50-53 ' 58.
" (MIRA 12:1)

1, Fizicheskiy institut imeni P.N, Lebedeva AN SSSR,
(T}me measurements) (Molecules--Vibration)
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"AUTHOR: Basov, N.G. 109-3-2-24/26

TITLE: The Condition o Self-excitation of a Molecular Free-space
Oscillator (Ob uslovii Samovozbuzhdeniya molekulyarnogo

gez;gra'tora be?i c;ct%"ye ogo rezonatora)(Letter to the Editor)
PERTODICAL; P88, ¥, Fedakts ektronika, 1958, Vol.III, No.2
| pp. 297 - 298 (USSR).
ABSTRACT: The problem is analysed as follows: it is shown that a
spherical sample, having N, active molecules per unit volume
and having a radius R » radiates a power W which can be

expressed by Eqélg On the other hand, the power can also be
2) and the condition of oscillation by Bq.(3).

expressed by Eq.
Since the probability of the emissiondf a quantum w ig given
by Eq.gll-g, the amplitude of the oscillations can be expressed

by Eq.(5 from which it follows that the condition of the
self-excitation is given by Eq.(6). The following notation is
used in the above equations: Wpn 18 the natural frequency

of a molecule, ¥ is the Planck constant, E the amplitude
°f the field, c is the velocity of lighl, d_ 1s & mabrix

element of the digole moment and ¢ is the relaxation time of
the molecules. 1'.[; ere are 8 references, 3 of which are Russian,

gnglieh and 1 French
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AUTHOR: Basov, N.G. and Petrov, A.P. 109-3-2-25/26

TITIE: The Relative Frequency Stability of Molecular Oseillators
(Ob otnositel'noy stabil'nosti chastoty molekulyarnykh
generatorov)

PERIODICAL:  Radiotekhnika i Elektronika, 1958, Vol.III, No,2,
pp. 298-299 (USSR).

ABSTRACT: The problem was investigated experimentally by means
of the equipment shown in the figure on p.299. The results
are shown graphically in Fig.2 for two different oscillators;
the staircase-like curve in the figure shows the frequency
deviation in ¢/s as a function of time in minutes. From this,
it is seen that over a period of 16 minutes, the-difference
frequency did not vary more than + O.4 c¢/s. The relative

frequency stability of ﬁe oscillators over the above period
was of the order of 107+,

There 2 figures and 1 Russian reference.

ASSOCIATION: Institute of Physics im. P.N. Lebedev AS.W8SR ..
(Pizicheskiy institut im. P.N. Lebedeva AN SSSR)

SUBMITTED: July 15, 1957 .

AVAILABIE: Library of Congress

Card 1/1 1, Oscillators«Frequency measurement-Stability
&
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* AUTHORS: Barchukov, A.I. and BagoVsoBa&ua Sov/51-4-4-18/24

TITIE: Measurements of the ¥requencies and Intensities of the
Hyperfine Structure Lines of CHBI (Pransition J = 0-31)

(Izmerenliye chastot 1 intensivnostey liniy sverkhtonkoy
struktury GH31 (perekhod J = 0= 1) )

PERIODICAL: Optika i Spektroskopiya, 1958, Vol IV, Nr 4,
p. 532 (USSR).

ABSTRACT: Complete translation. Bothfitequencies and absolute
intensities of the hyperfine étruqfure lines of the 012331127

molecule were measured. The results of measurements are given
in the table:

Pransition Frequency in Mc/s
F->F! Measured Calculated

5/2 3/2 15275.87+0.05 15275.82
5/2 5/2 14695.22+0.05 14695.22
5/2 7/2 15100, 74+0.05 15100.70

Cardl/2
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- Bov/51-4-4-18/24
" Measurements of the Frequencies and Intensities of the Hyperfine
Structure Lines of CHBI (Transition J =051 )

Calculation of the frequencies was carried out with inclusion
of corrections of the second approximation of the perturbation -
theory, using a value for the rotational constant

B = 7501.29 Mc¢/s and the quadrupole coupling constant

eQe = -1934 Nc/s. The values of these constants agree with the
constants given in Refs 1-3. The absolute intensities of lines
were measured by the method described in Ref 4. The measured
relative intensities agree within 15% with the calculated values
based on spin equal to 5/2. There are 1 table and 4 references,
1 of which is Soviet and 3 in English.

ASSOCIATION: Fizicheskiy institut im.P.n.Lebedeva AN SSSR
(Physics Institute im.P.ﬂ.Lebedev)Ac.Sc. USSR)

SUBMITTED: July 22, 1957 _
Card 2/2 1. Methyl iodides--Spectrographic analysis
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AUTHORS:  Basov, N.G. and Osipov, B.D. 5OV/61-4-6-14/24
&‘\' -
, TITLEs Bnission Line of the Transition F = 5/2-3/2,3 =1, K =1 in the

::ﬁatut:dnal:pe:;;w 7 5 the OBST 2 molacule. (Liniya. ispusianiye
8. a8 - ->3 2,,.;-- . : .
molekuly CHgy127) =1, Xa1 vrashchatel'nogo apektra

PERIODICAL: Optike i Spektroskopiya, 1968, Vol IV, ¥r 6, pp éss-m (ussr)

ABSTRACT:  Basov and Prokhoroy (Ref 1) ,
: | Showed that it 1s possible to obtaiy
molecules in a syatem with three energy levelal.)o Thiaapo:s::i?i:;‘ic:f °

?:g 3 :'bt;li.: h:.ﬁh P;;ag.ﬂng gwor. In this wmy an emission line
may be obtained. Bxperimental observati.
may be made in & spectrosco d Mt
Pe with a cavity resonator, as )
Gard 1/5 ;g:ctroacopo with a waveguide absorption cell. The ;ocon:.nlltt:;d’.: y
® convenlent when the form of the spectral 1ine is studied, but 1::
»
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, sov/51-4-s-14/z4
Enission Line of ¢y, Iransition p o 5/243/2, 5 - 1L K21 gy gpe Rotationa)

8pectrum of ¢p, CHz1127 molecule

tuned to the frequency of Yo = 292,45 Mefs. 14 coaxial resonatop

W8 insulateq from the external Tosonator ang 8erved as the electrode

observed op g control 08cilloscope (10 in Fig 2). 1he intonsity of the
swission lipe reached 4 maximun of the onder op 1078cp-1 44
(3-5) x 10 Hg. Pawer of ¥ho auxiliery radistion wag of the order
of several my, The results obtained ghow that the SpPectroscops useq
makes §¢ Possible 6 make about 100 tines more sensitive Measuremants
than the ysya) method of observation of absorption 1ines (Ref ¢),
To increase the resolving power 1t would pe necessary ¢o u&e a nop-
. onochroma t1 ¢ fuxiliary radiation or 8patia) Separation of the fiel4.
The authors thank 4,v, Dudenkova , Yu. p. 2aklargv and G. Mishukov fop
: - help in this vork. there 8re 2 figures ang 4 references, 3 of which o
card 3/3 &re American apg 1 Soviet. )

ASSOCIATION Fi::lcheald.y institut i, P.N. Lebedeva, sy SSSR (Physics, Institute
imeni p.y, Lebedev, Lca.demy of Sclences of the U.§ *S.R,)

SUBMITTED, Novembep 19, 1957
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9(a) BUY/142-2-1-1/22
AUTHORS: Basov, N.G., and Orayevskiy, #.MN.

- TITLE: Quantum Radio Engineering (Kvantovaya radiotekhnika)

PERIODICAL: Izvestiya vysshikh uchebnykh savedeniy - radiotekh-
nika, 1959, Vol 2, Nr 1, pp 3-17 (USSR)

ABSTRACT: The authors present a brief review of paper on quan-
tum radio pnysics and quantum radio engineering,
stating that about 200 scientific papers were pub-
lished on this subject sofar. They emphasize es-
pecially ihe physiceal principles of the new methods
of generating and anplifying radio waves. The quan-

nethod of generating and nmplifying radio waves
war suggested independently by the Fizicheskiy in-
stitut imeni P,N, Lebedeva AN SH5R (Institute of
Physice imeni P,N. Letedev,AS US5R) by N.G. Basov’
and A.M. Prokhorov and also by the Columbia Univer-
sity by Gordon, Zeiger and Townes, Thisg review doew
not contain all possible applicalions of the new
method of generating and amplifying radio waves,
For a more detailed consideration of the problems

APPROVED FOR RELEASE: 06/06/2000 CIA-RDP86-00513R000203910013-2
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* Quantum Radio Engineering S0V/142-2-1-1/22

mentioned in this article, the euthors refer the
reader to 54 references. Only 21 references are
Russinn origin, whereby 10 of the latter were pub-
lished by N.G. Basov and coworkers rnd two by A, K
M. Prohorov. In their review, the cuthors consider
the physical principles of molecular radio wave
generation and amplification, mentioning the ex-
periment of Stern and Gerlach (shtern, Gerlakh),
Presently, two different molecular generator de-
signs have been developed, one by the Columbia
University and one by PFIAN, both using a bean of
ammonia (NH.;) molecules. In the PFIAN nmethod, & .
special dinghragm is used, cooled by liquid nitro-
gen, whereby the electrodes of the quadrupole capa~
citor are not cooled. Then.the authors review the
development of solid-state maser amplifiers. PFin-
ally, the authors consider some possible applica-
tions of molecular systems, which have not been
realized as yet. They mention the generation and
amplification of millimeter and sub-millimeter

Card 2/3 waves, whereby the ‘degign of cavity resonators

- . .
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‘AUTHOR: _Basov, N.a. | SO7109-4-7-12/25

TITLE: Conversion of Mechanical Energy Into the UHF Bnergy inan
UHF Motor

PERIODICAL: Radiotekhnika i eleistronika, 1959, Vol 4, N 7,
Pp 1180 - 1184 (ussR)

ABSTRACT: The Te-grouping of ions having a spin of 1/2 by means of
an external magnetic field is condidered. In the absence
of the field, when the levels M = & 1/2 are dégenerate,
at the levels +1/2 ang -1/2 there are identical

numbers of ions. Sample is placed into an external

of the ion which is oriented
sed, while the energy of the
As a result of
re~
This can be"
The energy produced

Cardil/p
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. S0 o
Conversion of Mechanical Energy Into the lg{l} Eqnergy in asn UHF: Motor

Card2/g

comparison with t (where t, is the time taken by

the molecule to change its state), the upper level will
contain more ions than the lower one. The deviation of the
ion distribution from the equilibrium distribution will
decrease in time, :,l.n accordance with:

W(t) - w
pabi (@

'E: [W(t) = wpaBH] = =

T

where W is given by the next equation, Ni is the number
of ions at the level having a spin 41 .
Integration of Eq (2) results in Eq (3), where ANpaBH

is the equilibrium value of AN in the field H 3 ANO

is the devigion of AN at the time t = 0 . From Eq (3),
if follows that the system can be used to construct a
molecular oscillator or amplifier (the author and

APPROVED FOR RELEASE: 06/06/2000
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: S0V/109-4-7-12/25
Conversion of Mechanical Energy Into the UHF Energy in an UHF Motor

. AM. Prokhorov - Ref %), The following amplifier is
Suggested. A paramagnetic sample having a disc shape
rotates between the poles of two magneots vwhose fields

are opposite to each other (Figure 3).

and H2 are ¥; and ‘\'2 v respectively, The deviations

in the number of ions per unit volume of the Sample can
be determined from Bq (3); the deviations are therafore
expressed by Eqs (4), where Tl is the time of the

spin-lattice relaxation. If ‘Cl'< TJ.

the ion deviations can be approximately expressed by Eqs (8)
The situation is illustrated in Figure 4. The work done
When the element of the sample is wken from the field Hl

into the field H, is given by Eq (9), where » denotes
the Bohr magneton. The energy which can be radiated by the

APPROVED FOR RELEASE: 06/06/2000 CIA-RDP86-00513R000203910013-2
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C
onversion of Mechanical Energy Into Stq!V! J&a‘- n?e.xg'gz;{ 231 an UHF
ions into a resonator is given by : HOtOf

(1)
A , (2)
Wan = _.L__N aBH 1 - mgaBH ©
hy, (11) .
2T1 2T

There are 6 figures
English and 2 Sov;et?nd > references, of which 3 are

. . & 46’:’# VoAY S Se
Card 4/6 /. M"’"‘ /9/1/ Ko de g S
7 ?h .
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" AUTHORS ; '
Basov, N,G._and~Orayevskiﬁ?gxha?‘Q'7~13/25

E l
Ad y

PERIODICAL: Radi
: otekhnika i o) i
PP 1185 - 1195 (Usgn§ktron1ka. 1959, Vo1 4, N 7,

ABSTRACT : Maser
: oscillators have b
een descri
8 (Refa 1-9). aog; ond
his type can be
the system employs
niag J = 3’ K s

onators:
J& Bonanomi ot al.,
advantageous ¢ g
:equire any spg::ai Ne since it does not
he operation of the f ;ﬁ: ::equency during
: equency of the
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Absolute Stability of a Maser Oscillator Employing a Beam of Ammonia

Molecules

Card2a/4

oscillations ;n a masei oscillator is given by:

2 2
g' - 1 T ma -
=Q— 2—— = 2q (1)

n
1) W
€ 00 ] (o]

where &' and e"™ are the real and the imaginary parts

of the complex permittivity of the molecular bean,
respectively; Q is the quality factor of the resonator,
mo is the natural frequency of the resonator and

m'i = wo(l + Q ) + Eq (1) can also be written as

Eq (2), where <t) is the average transit time of the
molecules in the resonator, while Yy is given by the

formula following Eq (2). Further, Eq (1) can be written
as Eq (3), vhere A, , and Q are defined by the

last equations on p 1187. The functions ¢(y) and F(8)
are defined by the equations on p 1188. The components
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Absolute Stability of a Maser Oscillator Bmploying a Beam of Ammonia
Molecules

of the permittivity are expressed by Eqs (4). Eq (1)
can therefore be written as Bq (6) where A is given
by Bq (7). The oscillation frequency is therefore given
by Eq (8), where © n 18 the frequency of the molecular

transition. The formulae can be used to evaluate the
frequency devistion A as a function of the voltage «

of the grouping system and the saturation parameter a . The
results are plotted in Pigure 1. It is seen that for the
voltage change from 5 to 35 kV, the oscillation frequency
changes by about 70 c«p.s. When the.oscillator consists.

of 2 coupled resonators, its frequency deviation,with
respect to the frequency of the molecular transition,

is expressed by Eq (20). This can be rewritten and is

then in the form of Eq (24), wherefd A, ad a_,

are the roots of Eq (23). If the two resonators are
tuned so that the three roots coincide with o with
an error of a few percent of 1/Q , it is possiB¥e to
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Absolute Stability of a Maser Osciliator pI%y:I.ng as{ie%m of Ammonia

Molecules
Secure an absolute stability of the oscillator of the

order of 10-11 ., Abti®he :iir i destgn. 1 details of a two-
resonator oscillator are indicated in Figure 3, There
are 3 figures, 2 tables and 19 references, of which 8 are
English, 2 German and 9 Soviet.

ASSOCIATION: Fizicheskiy ingtitut im. P.N. Lebedeva AN SSSR
(Physics Institute imeni P.N. Lebedev of the Ac.Bc.,
USSR) .

SUBMITTED: February 18, 1958
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AUTHORS: Basov, N, Goy Vul, B M,, Popov, Yu.M, SOV/56-57-2-54/56
TITLE; Quantum-mochanical Semiconductor Generators and -Amplifiers of

Electromagnetic Oscillations

PERIODICAL: Zhurnal eksperimental'noy i teoreticheskoy tiziki, 1959,
Vol 37, Nr 2(8), pp 587-588 (USSR)

ABSTRACT; In the present "Letter to the Editor"™ the authors discusa the
possibility of using the electron transitions between the
conductivity zone (valence zone) and donor (acceptor) impurity
levels of a semiconductor for the production of electromagnetic
radiation (like in a molecular generator). For the realization of
semiconductor generators and -amplifiers it is necessary to
provide for such a distribution of electrons (holes) in the
conductivity zone (valence zone) that the effective temperature
of the conduoctivity electrons (holes) is nogative with respect to
the ionized donors (acceptors), Such a semiconductor has negative
frequency losses in the case of transitions of electrons (holes)
from the conductivity (valence) zone to impurity levels. If such
a semiconductor is irradiated with electromagnetic waves, the

Card 1/3 latter may be amplified; if certain conditions (self-excitation)
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Quantum-mechanical Semiconductor Generators ang sov/56-37-2-54/56
~Amplifiers of Electromagnetio Oscillations ‘

are satisfied, such a devioe may work as generator. In order to
attain negative temperatures, 8 special impurity ionization
mechanism is suggested. This state with negative temperature is
maintained during the relaxation time of electrons (holes) with
the impurity levels. If the number of impurities is small

the

) e valence
zone) T, 1s large compared to the time T between the

collisions of electrons (holes) ~ith the lattioa. T'z may dbe
Tegulated by the impurity concentration. During the period tz

the system may be used as a generator or ag amplifier of
eleotromagnetie oseillations, A Teduotion of the surface

_2"
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=Amplifiers of Eleotromagnetio 0soillations

reflection coeffiocient or of the dimensiong of the sample may
convert the systenm from the function ag generator to that of an
amplifier, The bresent paper wag registered by the Committee -

_ I Inventions ang Discoveries of the USSR Counctl -
of . Ministerg .. with priority of July 7, 1958,
There are 3 Soviet references,

ASSOCIATION: Fizichaskiy ingtitut im. P, N. Lebedeva Akademii nauk
(Physics Institute iment p, N. Lebedev of the Academy of
Sciences)

SUBMITTED: May 18, 1959

Carda 3/3

- 203910013-2"
APPROVED FOR RELEASE: 06/06/2000 CIA-RDP86-00513R000



"APPROVED FOR RELEASE: 06/06/2000 CIA-RDP86-00513R000203910013-2

BASOV, N.a.; ORAYEVSKIY, A.H.

Uae of slow nolecules 4
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69738
‘ e s/b;;/to/boo/b4/15/bze
TRY B REY B022/B007
AUTHORS: ,g%, Dootor of Physical and Mathematical Sciences,
S rokhorev, A.d., Dootor of Physiocal and Mathematiosl Sciennss

Y
TITLE: Quantum Radio-physics - duthors'. Lecture

PEBIODICLL: Vestnik Akademii nauk 8SSR, 1960, No. 4, PP. 110-119

TEXT: The practioal application of quantua radio-physios for the generation
and amplification of eleotromechanioal vaves was worked out at the Fizioheskiy
institut in, P,N, Lebedeva Akadenii nauk SSSR (Physios Inatitute imeni
PN, Lebeg f th deny of Soiences of the y an
Akademii nauk SSSR Institute of

f the Academy of Soiences of ths USSK q um syatem with

8 18 deg Fig. 1). In interaction with an oexternal eleotro-

his system is able to absorb and to emit quania. Three

 developing here, viz. Tresonance absorption, induced emission, and

spontanecus radiation, are mentioned;, in which case equilidbrium is establisheq
between the molecules and the quanta of the field, The scheme of a molecula

Card 1/2
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génerator for the enission of a beanm of ammonig
ture is shown in Mg, 2 and the generator itgel
consists of three main parts, namely the source
sorting system in form of 4 oylindrical oondeng
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8/030/60/000/04/1 5/028
B 007

022/B

molecules with negative tempera-

of the molecule beanm?

or, and the oscilia

Ney stability, as w
h contain baramagne

is shown in Pig. 4. Por the Purpose of obtaining 5 negative temper

Paramagnetic c¢rystals, an auxiliary radiation is uged (l‘ig.

- amplifiers are able to work at the. temperature
Possidbility is, however, pointed out of ueing p
Dagnetio amplifier without magnet ang .0Tyostat:
obtaining negative temperatures in semiconducto
tions are carried out in the region of submilly

°f liquid helium (T

neter waves, and ex

" respaot to the increase in the sensitivity of Teceivers are nmade,

molecular amplifiers were used. There are 6 figures,

.
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AUTHORS ;
TITLE:

uantum

PERIODICAL: Radiotekhnika
PP 676-67? (USSR)

ABSTRACT:
. energy levels is propose
radiation to monochromat
may be used to receive s

2 figures.

ASSOCIATION:Fizicheskiy ingtitut im.
(Physics Institute imeni

SUBMITTED:
Card 1/1

December 23, 1958

APPROVED FOR RELEASE: 06/06/2000

P.N.Lebevava AN SSSR
P.N.Labedev
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s/109/60/005/o4/019/028
El40/E435

Snd Karlov, N,V.

Brief cémaﬁnicatioh on a Wideband Radiometer with
ectrum Converter ~

i elektronika, 1960,

Vol 5, Nr &,

The use of a molecular system with three discrete
d for converting a wideband
ic oscillation,
ignals at higher frequencies
than the auxiliary oscillation,
Participated in discussion of the

This system

A.Ye.Salomonovich
work., There are

S USSR)

v
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247700
AUTHORS s Basov, N. G., Krokhin, 0, N., Pogov, Yu. K.
*\
TITLE:

Semiconductor_Anplifhgj?ind Generators Whose Carriers Have
8 Negative Effective Masg

PERIODICAL; Zhurnal ekaperimontal'noy i teoreticheskoy fiziki, 1960,
Vol. 38, No, 3y pp. 1001-1002

TEXTs  Kroemar (Ref. 1) made the suggestion to use carriers with a
negative effective mass in semiconductors for the amplification and
generation of electromagnetic waves® since negative losses will thug
occur during the motion of carriers in the field. In order to produce
such states it ig advisable to use a constant electric fielgd, In the pre-

%
sent "Letter to the Editop" the authors demonstrate that it is impossible
to produce states with negat

ive losges b using a constant electric : )
field. The condition we(e 2M1-1(e B g(mf-.f(g ) [1-2(e 2)in(be)a
= wn(ha) (f(&a)-f(61)} > 0 must be satisfied for the energies £, > £
(£{-) is the electron distribution funoction, n(ho)

is the number ofl><— -
Card 1/3 . ’
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Semiconductor Amplifiers and Generautors Whoge 8/056 60/058/0}/31/055
Carriers Have a Negative Effective Mass B006/B014

photons of an energy Aw = €a=€» W is the probability of spontaneous emis-

sim). To obtain amplification, it was necessary that 8f(e)/de > 0, at
least at some points of the range 62-51. This is nowhere the case if

thermodynamic equilibrium is to be ‘maintained. Direct calculations
(Refs. 2-5) have shown that it is impossible to disturb thermodynamic
equilibrium so strongly that ar(e)fe > 0, if E = const, as was assumed
by Kroemer. Also if in the case of anisotropio zones some components

of the mass tensor are negative for certain values of the quesi-pulse,
df/de > 0 cannot be attained if E = oonst. This is due to the fact that
in the case of semiconductors the interaction constant for acoustioal
and optical phonons is of the same order of magnitude. For & cystem of
semiconductors with negative. losses it is therefore necessary to obtain
states with negative temperatures if 8:/85 > 0. There are 6 references,
3 of which are Soviet. ’

ASSOCIATION: Flzicheskiy institut ip, P. N. Lebedeva Akademii nauk SSSR
Physics Institute imeni P, N. Lebedev of the cademy of
Sclences, USSR
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86932
8/056/60/039,/005/051 /051
247709 (1093,1143,18559 ) B006/B0T7 :
AUTHORS: &?&N- G;_, Krokhin’ o. Nv’ Popov, Yu. M.
TITLE; The Possibility of an Application of Indirect Transitions

to Produce Negative Temperature in Semiconductors.

PERIODICAL: Zhurnal eksperimentai'noy i teoreticheskoy fiziki, 1960,
Vol. 39, No. 5(11), pp. 1486 - 1487

TEXT: 1In some semiconductors, especially in germanium and siliocon, the
infrared emission and absorption edges correspond to the indireot tran-
sitiong, that isg during emission and absorption of g photon emission or
absorption of g phonon takes place simultaneously. The long wave emission
corresponds to simultaneous emission of photon+phonon on these. transi-
tions. In a sample with a low enough temperature where the phonons
necessary for absorption are missing in the lattice, the emission with
the longest wave will not be absorbed and here the sample will be prac-
tically transparent. If the carrier concentration is increased with

_2"
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The Possibility of an Application of

Indirect Transitions 1o ?roduce Negative

Temperature in Semiconductors.

respect to the equilibrin) concentr
(exposure, electric ~ield etc,)

n under certain

CIA-RDP86-00513R000203910013-2

86932

s/055/6o/059/005/o51/051
B006/B077

conditions a negative

temperature should occur with respect to the considereq transitions.

The conditions for such a Process should bve: W,

and wf is the photon

sample and Te £f the effeetivy temperature

respect to thoge of the
25 and thus Tore/T>25, which would be ful-

duction bang with
germanium would ho

ASS0CIATION:

USSR)

SUBMITTED; October 3, 1960

APPROVED FOR RELEASE: 06/06/2000

and phonon frequency ’

Fizicheskiy institut ip, P. N.
(Physics Institute imeni P, §,

/wf < Tore/Ts where w_
T the temperature of the
where the levelg of the con-

valence band are filled. For

Lebedeva Akademii nauk SSSR
Lebedev, Academy_ of Sciences
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8/056/60,/039,/006,/051 /063
ANSS,1v82 30/02A064 9/008/051/
CtLIRD #ler 2/ 5
AUTHORS: Basov,4®MG., Kroknin, 0. ¥,
TITLE: ~ Conditionsg for Electron Exoitation of Negative Temperature

States in a Gas Mixture

PERIODICAL:  Zhurnal eksperimental 'noy i teoreticheskoy fiziki, 1960,
Vol. 39, Fo. 6(12), pp. 1777-1780

TEXT: A study has been made of the conditions, under whioh negative
temperatures may ocour in g gas disoharge of a binary gas mixture, in
which the atoms have the same energy levels. Experimental ang theoretical
publications by Sanders, Javan,: 8, G, Rautian, I, I. Sobel'man, 4.
Ferkhman, §. Frish, V. K. Ablekov, M. S. Pesin, and I. 1. Fabelingkiy are
discussed in the introduction. Javan has shown that in a binary gas
mixture, in which two energy levels of different atoms are very close to
each other, excitation may pass from an atom of one gas to an atom of the
other. This has a great influence on the distribution of excited states
among the atoms. Following the results obtained by Javan, the authors have
studied the case where the energy levels coincide, on the assumption that

Card 1/3
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Sonditions for Electron Bxcitation of Negative S/056 60/039/006/051/065. |
Temperature States in a Gas Mixture B006/B063

Te» Ta. If the lifetime of an excited state were only dependent on ool

lisions of second kind betwsen electrons and atoms, the number of excited
atoms would be &iven by Ni-Noexp(-&i/kTe), where Ei is the excitation

energy; No 1s the number of gtoms in the ground state; and Te ig the

electron temperature, On acoount of the conversion of exoitation energy
into kinetie energy and due to Tadiation Processes, Ni is actually mugh

smaller. Thig faoct is conside
levels if iy ©of the atoms

be assumed that the interacti
character. Consequently, the

considerable. Such an interaction between 8: and 52 can lead to a

leveling of temperature, If, for eéxample, T; is first greater than T:, £
1

¥ill be excited with a temperature T; )Ta, and a negativs temperature is

i
likely to occur between the level E; and a level E: (t:, whose temperature

10013-2"
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Conditions for Electron Exoitation of Negative 8/056 60/039/006/051/063
Temperature States in & Gasg l(i_xture B006/B063

, :
T:.((E;/&:)Tf. Several relatiens are derived for some details of these
conditions. There are 1 figure and 6 references: 4 Soviet and 2 U,

ASSOCIATION: Pisicheskiy institut im, p, §, Lebedeva Akademii nauk SssR
(Institute of Physios imeni P. §N. Lebedev, Academy of
Sciences USSR) .

. . o

SUBMITTED:  July 22, 1960
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{3200 (2503, 7—203) £/053/60/072/002/001/005
6.3 200 (2201,2801,25 03) B006/BO6T
AUTHORS: Basov, N. G., Krokhin, O, N., and Popov, Yu. M,

L)
TITLE: Generation, Intensification, a.nd'%etecti(m of Infrared A
and Optical Radiation by Means of Quantur Systems

PERIODICAL: Uspekhi fizicheskikh nauk, 1960; Vol. 72, No. 2
PpP. 161 - 209

TEXT: The present paper gives comprehensive survey ¢f the thecry,
the possibilities ¢f application. and the properties of molecular
generators and intensifiers. In the introduction the anthors discuss
the sources of electromagnetic radiation which they divide into three
groups (thermal scurce, luminescence source, and generators) and
which differ above all by the width of the emission spectrum. They
then discuss the principle of the generation and intensification of
waves which is based on the induction of itransitions in- quantum
systems (molecules, atoms, ions, etc.). Molecular generators, and
paramagnetic intensifiers may be used for the generation and

Card 1/4
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85900
Generation, Intensification, and s/05y6o/o72/002/001/005
Detection of Infrared and Optical BO06/BO6T

Radiation by Means of Quantum Systems

intensification of submillimeter infrared and optical waves. To
prod:ce such generators and intensifiers it is necessary to obtain
a system which is not in thermodynamic equilibrium (1.e. in a state
with negative temperature)n In such a state the oocupation of the
energy levels is bound to increase with increasing energy, and the
system is bound to emit photons under the influence of a radiation
impinging from outside. It may be used not only for the generation
tut also for the intensification of radiation. In spite of the
sponteneous radiation such intensifiers are considerably sensitive
in the infrared. It has already been suggested to use spectral lines
of aifferent materials for producing highly sensitive radiation indi-
cators which are free from nolses of spontaneous radiation. One of
the most important characteristics of such a system with negative
temperature is the "number of active particles", i.e., the particle
excess on the upper levels compared with the lower ones which are
generated per unit time. Another important characteristics is the
quantity‘!(x 2i|d‘21yﬂdm, where HZ is thesquare of the matrix aelemen?d

Card 2/4
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Detection of Infrared and Optical BO06/B0O6T ‘ -

Radiation by Means cof Quantum Systeus

of the dipole moment tetween the levels concerned, n the number of the
active particles, and Al the spectral line width. The quantity X enters
the condition of the self-excitation of the generators and determines
the intensification coefficient of the intensifier, as is shown in

part 8. In molecular gases X is in the cm range only 1/103 of the
value it has in crystals of paramagnetic ions. Similar conditions
prevail also in the infrared. Hence the use of sclids seems to be the
most promising. The present paper which gives a survey of published
data and the results obtained in.this field is presented in the follow-
ing way: Chapter I: methods of obtaining states in systems with
negative temperatures. The theory of negative temperatures; sorting

of molecules by means of an inhomogeneous electric or magnetic field

in molecular beams; the excitation of gas molecules by means of gas
discharge; momentum method of produoing negative temperatures in semi-
conductcrsy production of negative temperatures in semiconductors
between Ievels lying within one conduction band ("amplifier with
negative mass"); produstion of negative temperatures hy the method V<

Card 3/4
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Radiation by Means of Quantum Systems

of double resonance. Chapter II: Interaction between radiation and
systens with negative temperature; conditions of self-excitationy
theory and suggestions for the production of resonators and intenasifiers;
guantur indicators of radiation. Finally, it is pointed ocut that
giantum systems are cf great importance in the generation and
intensification of electromagnetiz cm and dm waves, “especially for
radic engineering. Increass in the freguency stability and considerable
increase in the receiver sensiti{vity. With ammonia molecular generators
already high freguency stability was attained. The nolse temperature

in this region is at about ‘0%K. Research in this field leads to a new
branch ¢f physics: guantum radiophysics. V. A. Fabrikant is mentioned.
There are 23 figires and 80 references: 33 Soviet. 34 US, 3 Japanese,

7 Australian, 2 British, and 1 French.
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"Negative Absorption Coefficient at Indirect Transitions in Semiconductors,”

report presented by N. G. Basov at the 2nd Intl, Conference on
23-24 Mar 1961, Berkeley, California, Quantum Electronics,
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i
“Formation of Negative Temperatures in Gaseous Mixtures". (Session IV)

BEPOrt to be submitted for the ond

Intl.
California, 23-25 Mar 6L. Conference Quantum Electronics, Berkeley,
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report presented at the Hungarien Symposium on Luminescence , Balatonvilagos »

Hungary, 7-10 June 1961.
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BASOV, N. G., KROKNIN, O. N., LISITZYIV, L. M., MARKIN, E. P., OSIPOV, B. D.
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"On Negative Photoconductivity and the Induced Electron Transitions™

Paper presented at the IUPAP International Conference on Photoconductivity,
Ithaca, New York, 21-2k Aug. 1961,

P. N. Lebedsv Institute of Physics, Academy of Sciences, USSR.
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5/120/61/000/001/037/062
92574 (also 1§ 3) 2032/E114

AUTHORS : Basov, N.G., and Ziyev, V.S,
TITLE: A Maser Using an ND3 Molecular Beam
PERIODICAL: Pribory i tekhnika eksperimenta, 1961,No.1,pp.120-121

TEXT: A molecular beam maser has been built and is in
operation at the Fizicheskiy Institut AN SSSR (Physics Institute,
AS USSR). The maser is shown in the figure and uses the
inversion transition J = 6, K = 6 at 1656.18 Mc/s (Ref.2).

The design of the maser is similar to the NH3z  maser described by
J.P. Gordon et al. in Ref.5. A particular feature of the present
device is that, in order to obtain & sufficient number of "active"
molecules, large fields have to be used for which the Stark effect
becomes linear, since the intensity of the transition is
considerably lower than that for NHS. In the figure 1 is the
beam source, 2 is the separating system and 3 is the resonator.
The diameter of the rings in the Separating system is 4 cm and the
distance between the rings is 2 cm. Altogether 22 rings are
employed, the total length of the systenm being about 50 cm.

A narrow beam is produced with the aid of the liquid nitrogen
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A Maser Using an ND3 Molecular Beam:

cooled diaphragms 4 and 5 . The diameter of the latter is equal
to the diameter of the rings. The signal is detected by a

superhet srodyne receiver; the signal-to-noise ratio was found to
reach 100, The design of the Separating system has been discussed
by V.A. Shcheglov in Ref.7. The cylindrical resonator TMo1o
(TM010) has a diameter of 13.8 cm and is 40 cm long. Its

Q factor is 20 000. unnecessary gas is

excitation was observed at 80 kV with the pressure in the beam)?
source at about 0.1 mm Hg. At 110 kV, and the same beam source
Pressure, the power was.about 10-1l y,

-There . are 1. figure - and 7 references: 5 Soviet and 2 English.

"ASSOCIATION: Fizicheskiy institut AN SSSR
(Physics Institute, AS USSR)

SUBMITTED: February 12, 1960

1
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AﬁTHOR: Basov, N.G., Professor, Lenin prize winner.
—_—

TITIE: Radiocommunication with the nearest stars is practiocable

PERIODICAL: Tekhnika molodezhi, no. 9, 1961, 5

TEXT: The artiole deals with the generation and possible application of
light waves for communication and computing purposes. Current uses of .
quanta generators and receivers are olted. Quanta generators are used in
the manufacture of super~preocision oclocks, for ohecking theoretical de-
duotions, for guiding airorafs and ships, and for measuring large distances.
Quanta receivers are used for inoreasing the sensitivity of receiving ap-
paratus and the effeotive range of radiotelascopes and radiolocators. It
is stated that, by using masers, radio contact can be made with the stars ____—
nearest the earth. By using the radio waves of the visible waveband, 8,
Projector 20-30 om in diameter could illuminate & part of the moon 1 km in
dlameter, one transmitter could simultaneously transmit 10,000 TV prograns,

Card 1/2
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and high-speed computers, capable of

performing meny thousand billions of
operations per seoond, oould be builg

o An extremely powerful probp.ocan bs
the radioradiation of quanta gen-
thus produced can be used for proo-
1ly oheoking problems of quanta

nuolear proceases.

produced by the very sharp fooussing of
erators. Charged partiole accelerators
e8slng various materials for experimenta
electrodynamios, and for atudying thermo

Card 2/2

APPROVED FOR RELEASE: 06/06/2000 CIA-RDP86-00513R000203910013-2"



"APPROVED FOR RELEASE: 06/06/2000 CIA-RDP86-00513R000203910013-2

BASOV, N., doktor f£iziko-matem.nauk

e e

S0lid state devices in radio electronics. Radfio no0,10:6 0 161,
_ | (MIRA 14:10)

1. Zamestitel! direktora Fizicheskogo instituta im, P,I.Lebedeva,

(Radio)
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2921 5/026/61,/000/012/002,/003
912 574 (asa 158, 10 5 ) D037/7113
AUTHORS s Basov, N.0., Krokhin, 0.N., and Popov, Yu.M.

TITLE: Generators and amplifiers of light
PERIODICAL: Priroda, mo. 12, 1961, 16-25

TEXT: This article deals with the development of quantum radiophysics and
the theory, development and application of generators of monochromatio, opti-
cal and infrared radiation. 1In 1952, a new principle of generating and
amplifying eleotromagnetic radiation in quanta systems, based on induced ra-
diation, was proposed by K.G. Basov and A.NM, Prokhorov., 1In 1954-55, the fimt
quantum generators of the eleotromagnetic waves of the oentimeter band,

based on induced radiation, were built. Quantum amplifiers of the centime-
ter and deocimeter vavebands, used for increasing the sensitivity of receiv-
ing equipment and proposed for the first time in 1956 by N. Blumbergen, are
based on the 3-level system studied by N.G. Basov and 4.M, Prokhorov. Opti-
cal generators, based on the same principles, were proposed for the first
time in the USSR in 1957-58 by Basov, Prokhorov, B,M. Vul and Yu.M. Popov.

1t is stated that world-wide attempts are being made to use quantum systems %~
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Generators and :mplifiers of light D037/D113

for the oreation and development of gemerators and amplifiers in the meter
and ultraviolet wavebands and possidbly also in shorter wavebands. The —
authors give a very general explanation of resonance absorption, induoced and
spontaneous radiation, and quanta systems working with "negative tempera-

ture", They point out the need to develop devices ensuring the possibility
of obtaining monochromatic radiation with the aid of moedia of finite dimen-
sions, suggesting in this connection the use of a aystem of parallel mirrors.
In radiowave generators the parallel mirrors are replaced by a resonator
which can concentrate ail radiation energy on one type of oscillation, thus
ensuring high-directivity radiation and monochromatization. Discuasing gen-

srators of optical and infrarsd radiation, the authors describe two types
of generators,one of them using a mixture of helium (pressure 1 mm Hg) and
neor (0.1 mm Hg) excited by low-temperature discharge and enclosed in s
quartz envelope. In the second type, spectral radiation lines of various
solids, mainly monocrystals sxoited by intensive optical radiation are used.
The monocrystal of a synthetic ruby has latterly been replaced by uranium and
samarium ions in caloium fluorite. Semiconductors,used instead of lumines-
cent orystals in optical and infrared radiation generators,also give very
good results: accomplishment of electrical excitation methods, high density VX/
Card
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of the excited centers, amd the posaibility of changing the generation rate
in the magnetic field. 1In the high light conceantrations of optical waveband
generators, the light pressure may be up to 1 million at. and may be used
for studying the properties of asubstances on strong electrical fields, ac-~
celeration of charged particles, acceleration of chemical reactions and
exact processing of various materials. Soviet scientist V,A, Fabrikant is
mentioned in connection with research work in this field. There are 8 fiz-~
ures and 2 Soviet-bloc references.

ASSOCATION: Pizicheskiy institut im. P.N. Lebedeva AN SSSR{Moskva )
(Physics Institute im, P,N, Lebedev of the AS USSR[i(osco!])
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#3) % :
9,252 (1058 73 D201/D303
AUTHORSs  Basov, N.G6., Nikitin, V.V., and Orayevskiy, A.N.
TITIE: Investigation into the dependence of the frequency of

‘walecular generators on various parameters., Part I
(Theory, line J = 3, K = 2)

PERIODICAL: I;agiotekhnika i elekxtronika, v. 6, n. 5, 1961,
96-805

TEXT: The work presented in this article was undertaken in order to
explore the poesibility of utilizing a molecular generator as an
absolute frequency standard having an accuracy of about 10-10. In
order to determine the type of construction required and its oper-
‘ation, a detailed accountof how its frequency depends on the vari-
ous parameters has been undertaken. Several attempts to evaluate
the influence of various factors in the oscillation frequency have
been made by N.G. Basov, and A.M. Prokhorov (Ref. 1: Uspekhi fiz.

Card 1/10- ¢
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nauk 1955, 1, 7, 485) and by K. Shimoda, T.C. Wang and C.H. Townes
(Ref. 23 Phys., Rev. 1956, 5, 102, 5, 1308), the dependence of the
frequency of the molecular generator on the regonant frequency of
the resonator being explained in Ref. 2 (Op.cit.). It was shown
that the irregularities of beam emission along the resonator intro-
duce frequency drifts The influence of the non-resolved components
of the hyperfine structure was shown by K. Shimoda (Ref. 3: J. Phys.
Soc. Japan 1957, 12, 1006; 1958, 13, 939); the dependence of the
frequency drift of the molecular generator based on the hyperfine
structure on the voltage of the sorter and on the beam intensity
has been explained by N.G. Basov and A.N. Orayevskiy (Ref. 4: Radio-
tekhnika i.elektronika, 1959, 4, 7, 1185). The results discussed
cannot be taken, however, as final since none of the authors take
into account the real velocity spread of molecules. First the in-
fluence of various parameters, including the velocity spread of
molecules has been analyzed. Starting with

Card 2/‘1‘0\ 5
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Ty ; ’%ﬁ‘:,aQAt w ’ . . ) (1)

‘-é'given'ih Ref, 1 (Op.cit.) for the oscillations frequency of a mole~ ijf

: cular generator where

a4 AR

f is the avérage'oomplex polarization of the molecular beam, w -~ is
the requiread frequency, w), - the self resonant frequency of the re-

~ sonator having the quality factor Q, it is shown that this equation

srovided ¢ is properly evaluated, must take into account all fac-

'\ tors affecting the frequency and its stability. These, state the
authors, are listed in Ref. 4 (Op.cit.). After several mathematical
~ transformations Qnd assumptions, the Eq. (1) for two levels is de-

' rived as

i
i3
rd

| ¥ cara 3/&1.;.

S—— .m»muu&'-*
' i
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. where ' o | o - | : o P
DHLA 23 M L P28, L Lo

Cuife——r; Amm " " | '

PN = _zwmm'ﬁ;/ | (1) ..

- and e, '1's,such that wp = w, + Mm; ¥p — -frequency of the molgculalr e
B transition; dm ~ matrix element of the dipol_g moment d, = d A R
- where do - the dipole moment, /\m determines dm on quanta numbers-

characterizing the given transition; '

.x.‘nf%—.",‘;'r;i,f#(!;

. €= the fie1d amplituge in the resonator; § - the average transient
time of molecules through the resonator. _Jg and J are given by

_ Card 4/40- 5
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B I S .

' of frequehc on the voltage at the zorter; Effect No. 3 is compen-
- sated for tge line J = 3 y K= 3 N1 H3. Fig. 5 is the ‘same as Fig,
4 but.apparently for J = 3, K = 2.N14H3 [Rbstractor's notes This

would seem to be an error. The graph_shows the
- funotion of he source/.

generators were used each having two molecu-

" lar beams running in opposition. The schematic diagram of the gene~
rator is shown in Pig. 7. In it a - sources of molecular beams;
1 - quadruple condensorg, ¢ - resonator; 4 - diaphragms cooled by.
liquid nitrogen. The resonator was made of invar, excited in Epqp

mode, the length of the resonator was 11.2 cm which corresponded to -
the transit width of the line of 1 Ke/s, q - 9000, timed within a
few megacycles. Sorting of molgcules according to their energy le-

Card 6/10. o
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& quadruple condensers having a length of
15 cm, A diaphragm was uged to 1

ncrease the beam intensity. The
aperture of the diaphragm was 0.6 cm. The diaphragm was cooled by
liquid nitrogen the moleculg beam was obtained by a grid havi
Square holes 0.05 « 0,05 mm

» Bpaced 0.05 mm from each other. The
signal from two mclecular generators was applied to g balanced mi-
.Xer of a superheterodyne receiver, the local oscillator of which

was stabilized by a ¢avity resonator. The IF was 60 Mc/s,
band of the IR amplifier 2 Mc/s.

frequency of the two generators d

was compared with the frequeney of an audio generator which in
turn, by using a orystal

uracy of 0.1 to 1 ¢/s. The
by a plessure tube J17-2
T-2). The overall tuning accuracy of the molecular generator

8 various parameters wag around 3c/s.
The experimental results are given in the form of graphs., It ig

013-2"
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gtated in conclusion that a molecular generator, having two similar
and opposite beams working at.a line without a hyperfine structure
and having a symmetrical construction, can be used as an absolute
standard of frequency time. with 8n accuracy of 10~10, There are 10
figures and 6 references:,}‘Soviet-bloo and 3 non-Soviet~bloc. The
references to the English-language publications read as followss

K. Shimoda, T.C. Wang, C.H. Townes, Phys. Rev. 1956, 5, 102, 5, 138
K. Shimoda, J. Phys. Soc. Japan 1957, 12, 1006: 19?8, 13, 939;

J.P. Gordon, Phys. Rev, 1955, 994, 1253, -

ASSOCIATION: Fizicheskiy institut im P.N. Lebedeva AN SSSR (Insti-
tute of Physics im. P.N, Lebgdev, AS USSR)

SUBMITTED:  June 17, 1960
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4 ; . s/169 61/006/005/014/016
7 3522 Lo D204ABOS

AUTHORS: B&SOV, N.G. ’ Strakhovakiy, G. M. ’ CheremiSk.in' I.V. )

TITLE: . A study of debendence of molecular generator frequen-
‘ cies on various bparameters. Part II. Iine J=3, K=3

PERIODIC/L: Radiotekhniks 1 elektronika, v. 6, no. 6, 1961,
1020 ~ 1028

~A.V. Nikitin; ang A.¥, Orayevskiy (Ref. 5: Radiotekhnika i elek-
tronika 1961, 6, 5, 796); the authors give in the Present article >
the results of the experimental study of g molecular genergtor J=3 S
K=3 of ammonig Nl4n.. Its frequency was studied as dependent on :
the tuning of the rgsonator, on the voltage at the quadruple capa-
citor ang Pressure at the moleculer beam source. The source, capa-
citor and resonator wWere very accurately designed. The bean was o
shaped by a 0.05 x 0.05 mm grid with the space factor of 0.25, e

- thickness of the grid 0.05 mm. The diameter of the output beam - L

Card 1/6

. TEXT: Following the theoretics)] analysis as given by N.G. Basov, ”~7Z1;f
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... 88 BT=2 (VT-2). The
. . pressu
- directly to the source éamggag?gfz,tg?e J12-4 (L1-4) was connected

Pig. 2.

S
ource of molecular beam 1 ang bressure gauge tube 2,
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was 150 mm )
eam was entereq i

with E010 made of oscillatrong, The invar p

walls, its
cycles was

of the generatop of 1 ¢/s.
due to changing jtg baramet
another generator, the fp
2-5 ¢/s. The frequencieg
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A

4t the condenser, w - f(p)

tude (power) and in the

frequency of the generator gs de
the Voltage rfor different fixe
Sonuior: W = f

w AQf = f(v)
the capacy tor, T
sence of veltage gt he Quadruple capacitor. It was also observegd
that even witp the icing ang Subsequent partial blocking of the
diaphragm, inued to operate, The analysis of
€xXperimentg] &raphs illuatrafing the

dependence of génerated fre.
the ngleculgr generator, rermits evalyg.
le lopg term relative 8

tability of og-
i =3 y K= A umin
source to be i i
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A study of dependence of ... D204/£303

0.002% the long term relative stability
AL & 15-11,

It is ajgo seen thgt tuning by pressure and voltage change does not
geem to be Very accurate 8ince 1t woulgq require tao accurate chan-
8€s in thege Quantitieg and, for ¢ Yy

tuning thus obtaineq sould not be better thap L0~3, Finally, to in-
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BASOV, N.G., doktor fiziko-matematicheskikh nauk

On
'61th way to optical radio. Rauks { zhizn! 28 no,7:134~35 J1

3 (MIRA 14:8)
« Zamestitel! direkto
Lebedeva, AN SSSR, > [izicheskogo instituta imeni P,N,

(Elegjtron optics)
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Radio commnications
with
Tekhumol, 29 no,9:5 1gy. TRt #ta%8 1s a realiste project,

Radio waves) (Quantum mechanics) (MIRA 14:10)
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AUTHORS‘ Baaov' N.G., bOkhin. O-No’ POPOV, Tu,M,

TITLE; Generation of coherent light by means of solids

: 31
PERIODICAL; Vestnik Akademii nauk 888R,)\ no, 3, 1961, 61 - 6
TEXT: A short survey is given on methnods of Producing goenerators for op=-
tical and infrareq radiations, in which quantunm transitiong among energy
leveis in solids, luminophores, and semiconductors are utilized, Infrared
and optical generators are mentioneg which are bageg upon the principile
of induced radiation in quantum systemg of negative temperatures (v.¢.
Basov, A.M, Prokhorov, 1954), highly coherent radiation sources of lumi.
nescent substances in infrar9d~and optical speotral regions, exciting by
strong optical radiation (7.6, Mayman, D,F, Nel *son, ' 4.L, Shavlov,. p,p,
Sorokin, 1960). The production of such sources is closely related to the
Problems of interaction between radiation and substance, structures of the
energy levels of.,the substancea, Probability of radiation and nonradiation
Processes. 8,71, Vavilovy contributed considerably to the solution of these
Problems, The action of Permanent afterglow of organic luminophores which
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Generation of coherent light .., , B105/B215

have been discovered by S.I. Vavilov and VoL, Levshin (1928) possibly is

used for creating new sources of light. P,P, Feofilov (student of 8.1,
Vavilov) together with L.N. Galkin studied {(1957) 1in detail absorption j\
bands and emission of TH++ ip caloium fluorite. Resonators are used to
increase the interaction between radiation and substance of negative tem-
rerature (A.M, Prokhorov, 1958; A.L. Shavlov, 1958), Furthermore, a report

is given on the generation of optical and infrared radiation by applying
activators in corundum and calcium fluorite, The optical radiation souroce
used was a corundum orystal (41,0,) with of Cr impurities (0.05 per

0
cent by weight). The wide abao%péion band of the- transition level

4A2 to 4)2 corresponds to a wavelength of " 5600 A. Fige 2 shows a sche- -

matic representation of the uranium ion level in the calcium fluorite cry-
stal. Some methods of oreating negative temperatures in semiconductors
are-recommended (N.G. Basov, B.Ms Vul and Tu.M, Popov, 1958) for gene-
rating infrared and optical radiations by semiconductors, Negative tem-
peratures of semiconductors can be reached by intrazonal electron-hols
transitions, and by intrazonal transitions and transitions from the bese
region to the level of impurity atoms. So far, there exists no general
Bard 2 . ’
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. o 8/030/61/000/003/004/013
Generation of coherent light cee . B105/B21%5 ] -

“theory on the determination of the lifetime of nonequilibrium carriers dn -
semiconductors., The difficulties arising in connection with high a high
excitation energy, disappear when indirect transitions in germenium and
silicon semiconductors are utilized (N.G. Basov, 0.N. Krokhin, and Yu.M,
. Popov, 1960)., The minimum energy in the conduction band of these semicon-
ductors, and the meximum energy ,
values of the quasi-momentum s 4)e The longest long-
vave iati ctron from the mi-
» and at the same time -
of photon and phonon R
equals 4, The wig: ine in semiconduc- :
tors equals kT. In semiconductarsb & change in frequenoy by superposition »
of a magnetic field of ,"\11.5‘10"2 _g.is possible due to the low effective J(

carriér.: mass m, For germanium it is 10% 21‘ the radiation frequency of -
intrazonal transitions in fields of H ~10 Gauss, Probably it will soon
be possible to develop generators of infrared and optical radiation which .
can be used in laboratories, and also in various fields of science and - o
technology. There are 4 figures, '

_2"
APPROVED FOR RELEASE: 06/06/2000 CIA-RDP86-00513R000203910013



"APPROVED FOR RELEASE: 06/06/2000 CIA-RDP86-00513R000203910013-2

‘BASOV, N.G.; KROKHIN, O.N.; POPOV, Yu.M

detemining
Zhur. eksp. i
v (MIRA 14:7)
1. Fizicheskiy institut imeni P.N

(Semiconductors) (Quantum «Lebedeva AN SSSR,

mechanics)
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A"‘ “)RS B'ls‘ U' N. Gl’ LIOkhin, 0. N y IOPOJ Id b’

TITLE:
. Preds ti .
F-n-:ﬁﬂi?? ¢t states with negative Temperat i
] -30n3 of degenerata semiconau0+01& ure in the
. % lg

PERIODICAL -
AL: Zhurnal eksperimentalenoy i teorati
6, 1961, 1879-1880 etlohagkey finiki, v,

noI-n-junotion jn

near the p ‘ i
-1 Jjunet
eorraesponds '3 ?ﬁ?:m "Phe oo e por 'ie“ oy
3 COnp ] ‘ |
ox-eppbonds 1o ‘. :?;.ate Compensation of tho potnq'?ﬁ?e carriarg
the rarriara gra mﬁ ;’irespond? almest to tpnt purt ;i”?l’barrier ‘i
!‘tu_,rfl!‘ded A3 n ap ‘tx\Ji:; t{ 931:"181‘3. (In this Casa ,f =h" crb'gtal w“ﬁrq L
:  majority o the r- ’ ’
ba”d trang]‘]nn? ’L“L &tiont, ¢ negativa Tampoerityra ?,J“Pct1ou 18
:ba ?or']..'zqul‘. .‘ fle e Fermi qu!l“i“.f,-wff‘i f; \:C!r:'gn han(,i"""'
condition. ", ; T I the elest rone ar.d hn‘1a ey e
. : In this cage U, and , 4 - the Fermi®
. Ry dencte the Jermi
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8/056/61 /04 0/006/029/031
Production nf etatos with Negative ., D125/R200

‘quasi-lavalgh of yp, alaotrany and holew, and & the widel of t1he
forbidden baund, Wnan 4pplyipyg o voltage in forward dliroctinn 1a q pen
Junotion the CATTIOrN mygt be dnnenarata gy leaet in ano part of vhe pup
Junoatian, faniconduatnpg with pyap P-n dunotieng Freved 1o be tynpet
A1cdea, thy meshuniam ef 1)a faturrance of theae 8Lt A% WIth mogal {ve
tamperature studiag papg doas nnt COrrespond to the tunnal papt pit te
'he valteanpara Par of the churaafurjattcu of tho tunpey disga,
=P Junotiepy e The atrongly 18puneryta saniconducrrp 4 Mato with
negativa tampargtyy, nnours bafora the potentia)l baerier 13 completely
acmpansated, the Nsperaion theory of 4 Urrent puseing
through a p- 2¥, T alituiive ostimarieng, Tha _
ain at whigh ¢4 state wih nagat{vae

energy still oacura, jgq Um

in where & jy the charge of e olectron,
The order of magnitude of the curreng dengity {g 1~J-(nan/L)exp(en/kT)

where D denoten ¢hy diffuaion ooeffioient, L the diffusion length, and
np the elecotran denoity in the p-range of thg remioonduntop, The currunt

density decreasea with 1noreasing degeneraoy and also witp decroasing
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length,

radiation-ret]ecting surface, i.e., as resonator.

be reduced if
widthg of the
taure |t
tiecs

forvidden bands.

18 racormernded to study
*n irradiatipr
freguenay,
The
L. Jaaki.fhys.ﬂev‘.

There are 4
199, 63,
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negative enargy
The spatial region in whieh g

16 formed in the layer near ‘he

of magnitude of one diffusion
carriers Surrournding tha range
emiconductors Can be uaed ag
The current density can

the 9smiconductors forming a P-n junstion have different
For the observation
the ohange of tha velt-ampere charactieria.
T the junction with
referangan. 3
*#0 rafearences to English~language pPublizaticns pond as follexy.
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AUTHUNRS ;

TITLE:
avalancke breakdown

FERIODICAL:
no. 6, 1961, 1882

TEXT: When studying the behavior o
in strong electric fields it
~'200 v/cm the carrier concen

Recombination Iuﬁinescen

Zhurnal eksperimental 'no

CIA-RDP86-00513R000203910013-2

25210

s/05761 /040/006/031 /031
B125/B202

Basov, N, 6., Osipov, B. D., Khvoshechev, A. y.
AR AR AR

ce of indiup antimonide in an

y 1 teoreticheskoy fiziki, v. 40,

indium antimonide
d strength of
ongly increasas ac a result of

impact ionization of the elactrong ¢f the valenca bhang (avalanche

breakdown), (. Glicksman, M. c,
N. ¢, Steele, N, Gliocksman.
J.Electr. ang Czatral,, 4, 165,

Steele. Phys.Rav,.
J« Phys.Chem. Solids, &, 537, 1959; A.C.iTigr.
1958).

112, 1204, !9585

The authors dea} with an infrared

luminescence of *he oryatalg of n-type indium antiparidae with low fmpurity

concentrations on applying aurrent

1

pulses of up te 100 amperas/mm< .,
the specimen waa

With
@ than one
noa at low amperages. Thig
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S/056/61/o40/006/031/031
Recombination luninescence of indiun coe B125/B202

may be due to an avalanche breakdown. To avoid overheating of the

speocimer current pulses of 3 microseconds at the naximum with a repetition
used. Luminescense was obsarvad ar g temperuture

It disappearsd op heating the specimen to 120 ~ 180°K. 7The

inorease and decrease of tha Jight pulae took less than rpoe microsecond

80 that the lumineacence obsorv » th the heating of

the orystal lattice, 1Phe radia spectrum with the maximum at A . 8.3

and the half-width 0.25y suggests that in this casge recombination lumi-

nescence ig concerned. (T,S, Noss. Optical Properties of Semioonduotora,
1959).

found to be 0 The authors thank p, N. 18 oollaborators
for their interest, [Abstraotar' : Complete translation.] There are
4 non-Soviet-b) cc references, £y 8t recent references to English-
language Publications read as follows: u.C. Steele, Y, Glicksman.J.Phys.
Chem.Solids, 8, 242, 19594 T.S. Moss. Optical Properties of Semiconductora,
1959.
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94177 (113) 21935/61/041/003/020/020
AUTHORS ; asov, K.

Krokhi .
Olipov, B, D h n, 0 N" Liﬂit.yn' L I., hrkin’ !.oPo.

TITL t
E; Negative oonduqtivity in induoed transitions

PERIODIC‘L H Zhurn.l R
. eksperimental!
no. 3(9), 1961, 98a. agoy 1 teoreticheskoy fizikd, v, 41,

The pr also adb
processes, however, that are conneoted 'itgo;}:::::aina::g:rtIransition,,
ption
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8/056/61/041/003/020/020
Negative conduotivity in induced... B113/B102

total number of free carriers. The band-to-band transitions whioh are in ‘K
a state with negative temperature and whioh were induced by photon
irradiation, reduce the number of free carriers and lead to a decrease in
sonduotivity. Hence, the semioonductor whioh is in a state with negative
temperature relative to the band-to-band transition is bound to have
negative photoconductivity when irradiated with rhotons, whose energy is
almost equal to the width of the forbidden band. The measurement of the
spectral dependence of the semioconductor photoconduotivity permite the
determination of the mtates with negative temperatures also with lacking
negative absorption coefficient. The authors made experiments for the
production and observation of stateg with negative temperature in

silicon. The specimen was irradiated at 49K with light of a wavelength
smaller than 0.7 p which considerably increased its conductivity. Upon
additional irradiation with weak monochromatic light a conductivity
reduction (negative photoconductivity) was observed for a series of
spegimens in a narrow band of wavelengths near 1.1 y. It can be assumed
that the conductivity decrease observed is due to the existence of a state
with negative temperature. However, also other explanations, such as
impurity photoconductivity, are possible. [Abetracter's note: Essentially

Card 2/3

APPROVED FOR RELEASE: 06/06/2000 CIA-RDP86-00513R000203910013-2"



CIA-RDP86-00513R000203910013-2

"APPROVED FOR RELEASE: 06/06/2000

28767

Negativ -
@ conduoctivity i induced.,, 3{?;%?;5 041/003/020/020

coxplete
translation.] There 8re 3 Soviet referen
ASSOCIATION' ) J o
: izicheskiy instit
t im., P
Phyoies Thetigis u + N. Lebedeva Akademiji
Sotamns rs8n) ¢ imeni p, j, Lebedev of the Aoag::; sgsn
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’ 'i‘{A‘ 3/055/61/075/001/001/005
7.3572 8 1538 /057 B125/B108

AUTHORS: Gey Krokhin, o, N., Orayevskiy, 4. N., Strakhov.skix,
Ms' ChikhacheV,- B. M.
TITLE: Investigation of relativigtic effects with the aid of

molecular and atomig frequency standards
PERIODICAL: Uspekhi fizicheskikh nauk, v. 79, no. 1, 1961, 3 - 59

IEX?: The present baper gives a Survey of experiments verifying the
general theory of relativity, gome Problems in special relativity theory,
and cosmological hypotheses by means of molecular and atomig frequency
standards. vV, L. Ginzburg (UFN, 22 11 (1956); gv. "Eynshteyn i
sovremennaya fizika", M,., Gostekhizdat, 1956, gtr, 93 = 139) made
suggestions for the experimental verification of general relativity theory,
By means of cesium frequency standards with two separate resonators, an

tooolute fraquency stability of 1,5.10=10 yg, attained. A further
improvement of the 8tability of cesium standards requires the use of
narrower spectral lines, With slow molecule beams, an absolute stability
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CIA-RDP86-00513R000203910013-2"

APPROVED FOR RELEASE: 06/06/2000



CIA-RDP86-00513R000203910013-2

"APPROVED FOR RELEASE: 06/06/20Q0

27483

§/053/61/075/001/001 /003
Investigation of relativistic effects.,. B125/B108. ST

of up to 10'12 was reached. A certaip increase of stability may be
attained using

however,

electrica

indications, Quartz Tresonators, too, g*ve a stability of 10'10 and, when
immersed in liquid helium, even o "' The pPower of molecular

" 8enerators has to be amplified by means of & low-noige amplifier (e. ey

I5B(LBV)) and an amplifying klystron, Self-tuning ig necessary for high-
Precision f In measurements of the gravitational

satellites,
eliminated. Thig can be done, for instance,
long time intervals on the Earth and on the
comparison by radiocommunication,

the mixing of a signal emitted from
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Investigation of relativistic effects.,. B125/B108

of a molecular generator. on the satellite (frequenoy 2f). Ionospheric
and tropospherdc fluctuations have to be taken into account, Measurements
Of the gravitational Bhift of frequency are being prepared (Sci. News

from two points of different altitude on the Earth's surface (mountain)
without the uge of satellites and, therefore, without consideration 95 the
Doppler effact. of first and seoond order.. For § = 342 km and f = 10" ops,

Af = 3.4-10'3, CPs. At present, two first-order experiments are known for
the verification of special relativity theory. 'In one of them (proposed
by Mgller and ecarrieg out by Townes), two inversely directed beams of
excited. ammonia molecules.were sent toward each other through the horizontal
Tresonatord of* two molecular-genbratorb'mounted on & rotatable Plate. The
expeoted frequency deviations were not found in thesge experiments, fThe
other first-order experiment with respeot to (v/e) is based on the
heasurement of the phage difference of two ndnsynchronized moleculay

stable atbmic clocks. An idea of V, A, Fok (G. u, Strakhovskiy, Doklad
na Lom;nosovskikh chteniyakh v MG, 1958) ¢onoerning singular referance
Card 3/4
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"aystems.is hehtioned i Th
is | e ~Ine.variations of the ra
! . vit
it s g ational oonstant
;omférigg'the moti
ériod of an Earth satelly
1o 7 [ tb - .
8lso have af influen . Netanine, Barth!
time 'dependznbe 6a/2°e18’-‘ K bnstant, 'The! p so:;'bﬁ ar
Langay Lemd0s ~ 95 / structure cbnat&g$'a’?L Fg;
expor inontard 773, 1177 (1954)) can be verified
types. 'The o of
of experiments.. T} : '
- QT : 47, Soviet, angd
h-language

b;:on-S;viet,;

Publications read ag foll

B. HotTammn P‘hysﬁ 2 ows: )} and Rookets iNo. 1, 1

275 e ev, 121, 337 (1961); s, M.,Berémann, .; zg;ip;hgg' 31
- ; ‘ - | o i - e 6 L] 9

P
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"State with Negative Temperature in Electron Hole Plasma
Compressed by Its Own Magnetic Fielg"

Paper presented at

Optical Society of America Meeting, Washington, D, ¢.
14-17 March 62 : ’
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"Increase of Power of Pulsed Ruby Gptical Quantum Generator
by Modulation of Resonator Quality Factor™
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© AUTHORs Ba sov, N. G.§ Krokhin, O, N.; Popov, Yu. M. | LY

PITLE: - State with negative tegperature in~th tranéitiong of degenerate
_ semiqonduq*_bgrg . e T : - )

o SOURCE Elektronno-dy’r ,, ochnw ye P°r°}th°dy v Poluproirodnikakh_' ' o Tashken_t,"' M
Tuvo N SSR, 1962, 9395 .

T0P1C .j:T’m‘_s';ffga_-émicopdqotoi"‘,'. 6‘&’&1&#6%‘&@9&;&1‘0,; popplat.ionbl:.lnverslbn‘, PR S S

~ semiconductor interband transition, hegabive absérption cosffioient’

ABSTRACT: Population inversion with respect tor interband transitions is o
possible only if at least one type of carrier is degenerate. Since transitions -

- of this type are referred to the diffusive portion of the volt-ampere i :

. characteristic, negative temperature can be expected in & region, near the
‘p-n transition, whose thickness is of the order of the diffusion length.- ;

© Although oryogenic treatment can produce a population inversion at any velue -

- of current density; however amall, a.comparatively high nonequilibrium =

‘concentration of minority oarriers is nscessary to bring the value of the -

s Cord 1/2, ’
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